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COMPARATIVE GENOMIC HYBRIDIZATION 
Field of the Invention 

5 The present invention relates to methods of comparative genomic hybridisation 
and to nucleic acids attached to a solid substrate suitable for comparative 
genomic hybridisation. 

Background of the Invention 

10 

Chromosome abnormalities are often associated with genetic disorders, 
degenerative diseases, and cancer. Chromosomal abnormalities can be of 
several types, including extra or missing Individual chromosomes, extra or 
missing portions of a chromosome, breal<s and chromosomal rean-angements. 
15 Chromosomal rearrangements include translocations (transfer of a piece finom 
one chromosome onto another chromosome), dicentrics (chromosomes with 
two centromeres), inversions (reversal In polarity of a chromosomal segment), 
insertions, amplification^, and deletions. 



20 The detection of chromosomal abnormalities in cells is important for many 
reasons, not the least being the detection of chromosomal abnormalities for 
prenatal and pre-implantatlon genetic diagnosis, and the determination of the 
Icaryotype of some cancers. 

25 Prenatal diagnosis involves the genetic testing of foetal material. Typically, this 
involves removal of amniotic fluid surrounding the foetus and the analysis of 
cells in the fluid for chromosomal abnonmalities. Prenatal diagnosis is important 
for the detection of foetuses that have significant chromosomal errors. 
Detectable chromosomal abnormalities occur with a firequency of approximately 

30 one In every 250 human births and abnormalities that involve deletions or 
additions of chromosomal material often lead to foetal death or to serious 



mental and physical defects. For example, Down Syndrome can be caused by 
having three copies of chromosome 21 Instead of the normal two copies, or by 
a segmental duplication of a subreglon on chromosome 21. 



5 Pre-lmplantatlon genetic diagnosis (PGD) involves the testing of genetic 
material from an embryo or an egg (oocyte) prior to implanatation. Typically, this 
process involves the removal and analysis of one or more cells from an embryo 
fertilized in vitro, in order to determine if the embryo is suitable for implantation. 
In the case of maternally derived chromosomal abnonnalities. the polar body 
10 from an oocyte can also be removed and the presence of a chromosomal 
abnormality detected. 



Pre-lmplantatlon genetic diagnosis for chromosomal abnormalities is important 
for detecting embryos or oocytes that are suitable for implantation. Early human 
embryos haye a very high frequency of chromosomal errors including 
aneuploldy. polyploidy and mosaicism, and It is likely that these chromosomal 
enors are responsible for the significant rate of implantation failure of in vitro 
fertilized embryos. In addition, where there Is a possibility that an embryo or 
oocyte may contain a known chromosomal abnormality inherited from one of 
the parents, pre-lmplantation diagnosis can also be performed to select 
embryos or oocytes that do not have the known chromosomal abnormality. 
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The deletion or multiplication of copies of whole chromosomes or chromosomal 
segments also often occurs in cancerous cells and In many cases these 
chromosomal abnormalities contribute to the cells acquiring a cancerous 
phenotype. The detection of such chromosomal abnormalities is not only 
Important for understanding the genetic basis of how some cells progress from 
a non-cancerous state to a cancerous state, but in some cases may provide 
useful information as to the diagnosis and treatment of a specific cancer. 



Traditionally, cytogenetic or fluorescence in situ hybridisation (FISH) techniques 
have been used for detecting chromosomal abnormalities. However, 
comparative genomic hybridization (CGH) now provides a powerful method to 
overcome many of the limitations of the traditional cytogenetic and FISH 
approaches. CGH Involves the comparative, multi-colour hybridization of a 
reference nucleic acid population labelled In one fluorescent colour and a 
sample nucleic acid population labelled in a second fluorescent colour to all or 
part of a reference genome, such as a human metaphase chromosome spread. 
Comparison of the resulting fluorescence Intensity at locations in the reference 
genome pemiits detemiination of the copy number of chromosomal sequences 
In the sample population. 



Although CGH has provided an improvement over traditional cytogenetic and 
FISH technologies, there are still many deficiencies associated with CGH, 
including the length of time required to perfonn the analysis. For example, 
standard CGH with metaphase spreads takes at least 72 hours to complete, 
and if PGD is behg performed on a single cell taken from an err.bryo. then 
embryo cryopreservation before implantation must be performed so as to allow 
sufficient time to complete the procedure. 

The present invention relates to the identification of an improved method for 
perfomiing comparative genomic hybridization and to nucleic acid an^ys 
suitable for comparative genomic hybridization. 

Throughout this specification reference may be made to documents for the 
purpose of describing various aspects of the invention. However, no admission 
is made tiiat any reference cited in this specification constitutes prior art. In 
particular, it will be understood that the reference to any document herein does 
not constitute an admission that any of these documents fomis part of the 
common general knowledge in the art In Australia or in any other country. The 
discussion of the references states what their authors assert, and ttie applicant 



reserves the right to challenge the accuracy and pertinency of any of the 
docunnents cited herein. 

Summary of the Invention 

The present Invention provides; a method of comparing at least one 
chromosome or part thereof from a cell with a first karyotype with the 
corresponding chromosome or part tiiereof from a cell with a second l<aryotype, 
the method including the steps of: 

(a) amplifying DNA from an isolated chromosome or part thereof; 

(b) attaching the amplified DNA to a solid substrate; 

(c) amplifying DNA from one or more cells with a first karyotype and 
amplifying DNA from one or more cells with a second karyotype; 

(d) labelling the amplified DNA from the one or more cells with the first 
karyotype with a first label, and labelling the amplified DNA from ttie 
one or more cells with the second karyotype with a second label, 
wherein the first and second labels are detectably different; 

(e) hybridizing tiie amplified and labelled DNA fix)m the one or more cells 
with the first karyotype witfi the amplified DNA attached to the solid 
substrate, and hybridizing the amplified and labelled DNA from the 
one or more cells with the second karyotype with the amplified DNA 
attached to the solid substrate; and 

(f) comparing the relative amount of first and second labels hybridized to 
ttie amplified DNA attached to the solid substrate. 

The present invention also provides a method of detecting a chromosomal 
abnomriality in a cell with an unknown karyotype, the method including the steps 
of: 

(a) amplifying DNA from an isolated chromosome or part thereof; 

(b) attaching the amplified DNA to a solid substrate; 

(c) amplifying DNA from one or more cells with an unknown karyotype 
and amplifying DNA from one or more cells with a reference 
karyotype; 



(d) labelling the amplified DNA from the one or more cells with the 
unknown karyotype with a first label, and labelling the amplified DNA 
from the one or more cells with the reference karyotype with a second 
label, wherein the first and second labels are detectably different; 

(e) hybridizing the amplified and labelled DNA firom the one or more cells 
with the unknown karyotype with the amplified DNA attached to the 
solid substrate, and hybridizing the amplified and labelled DNA from 
the one or more cells with the reference karyotype with the amplified 
DNA attached to the solid substrate; and 

(0 detecting the presence of a chromosomal abnormality in the cell with 
the unknown karyotype by comparing the relative amount of the firet 
label hybridised to the amplified DNA attached to the solid substrate 
to the amount of second label hybridised to the amplified DNA 
attached to the solid substrate. 

The present invention also provides a nucleic acid attached to a solid substrate, 
wherein the nucleic add Is derived from an isolated chromosome or part thereof 
and the nucleic acid is depleted of repetitive sequences. 

The present invention also provides an array of nucleic acids attached to a solid 
substrate, wherein each nucleic acid in the array Is derived ftom an isolated 
chromosome or part thereof and each nucleic acid Is depleted of repetitive 
sequences. 



The present Invention also provides a nucleic acid attached to a solid substrate, 
wherein the nucleic acid Is the product of randomly primed amplification of an 
isolated chromosome or part thereof and the nucleic add is depleted of one or 
more of repetitive sequences, non-chromosomal sequences or sequences that 
are over-represented due to amplification of the chromosome or part thereof. 



The present Invention further provides an array of nudeic adds attached to a 
solid substrate, wherein each nucleic acid in the array is the product of 



randomly primed amplification of an Isolated chromosome or part thereof and 
each nucleic acid Is depleted of one or more of repetitive sequences, non- 
chromosomal sequences or sequences that are over-represented due to 
amplification of the chromosome or part thereof. 



The present invention arises out of studies Into the detection of trisomies 13 and 
18 In single cells of amnlocytes and lymphocytes. In particular, it has been 
surprisingly found that the detection of such trisomies in a single cell by 
comparative genomic hybridization may be markedly improved by replacing the 
metaphase spreads nomially employed with the products of randomly primed 
amplification of an Isolated chromosome or part thereof attached to a solid 
substrate. Comparative genomic hybridization perfomned in this way requires 
less time (approximately 30 hours in total) to pertbmi than traditional mettiods 
using metaphase spreads. 



Various terms that will be used throughout the specification have meanings that 
will be well understood by a skilled addressee. However, for ease of reference, 
some of these terms will now be defined. 

The term "cell" as used throughout the specification Is to be understood to not 
only encompass the normal meaning of tiie word, but also to include any cell 
derived body having one or more chromosomes (or a part thereof) therein. 
Examples of such cell derived bodies include the polar body associated wtth an 
unfertilised oocyte, a polar body extruded by an oocyte at tiie time of oocyte 
fertilization by a sperm, a nucleus Isolated from a cell or part of a nucleus. 

The temri "karyotype" as used throughout the specification is to be understood 
to mean the chromosomal constitution of a cell, which may vary between 
Individuals of a single species. 



In this regard, the term "unknown karyotype" is to be understood to mean that 
the karyotype of one or more chromosomes In a cell is not known. The term 
"reference karyotype" is to be understood to mean the karyotype of a cell that Is 
used as the karyotype against which the karyotype of another cell is tested. The 
cell with the reference karyotype may have a known karyotype, such as a 
nomial karyotype or a known deletion or multiplication of a specific 
chromosome, or alternatively may have an unknown karyotype of one or more 
chromosomes. Typically, the cell with an unknown karyotype. will be a cell from 
a foetus, embryo, oocyte or cancer cell, and the cell with the reference 
karyotype will be the same type of cell or a similar cell with a normal karyotype. 

The term "chromosome or part thereof as used throughout the specification is 
to be understood to mean an entire chromosome or any part of an entire 
chromosome. In this regard, it is to be understood that part of a chromosome 
will include a part of a chromosome, isolated for example by microdissection or 
by flow cytometry, or any clone containing chromosomal (genomic) DNA. 
Examples of such clones include BAG. YAC and P1 clones containing genomic 
DNA, or any other clone having genomic DNA cloned into a suitable vector. 

In this regard, it is also to be understood that the term "chromosome" means 
any chromosome present in a cell of any ploidy (haploid, diploid or polyploid), 
including a sex chromosome, an autosome, a mitochondrial chixjmosome, a 
chloropiast chromosome or an episome. 

The temri "amplilying" or variants thereof as used throughout the specification is" 
to be understood to mean the production of additional copies of a nucleic acid 
sequence. For example, amplification may be achieved using polymerase chain 
reaction (PGR) technologies (essentially as described in Dieffenbach, C. W. and 
G. S. Dveksler (1995) PGR Primer, a Laboratory Manual, Cold Spring Harbor 
Press, Plainview, N.Y.) or by other methods of amplification, such as rolling 
circle amplification on circular templates, such as described in Fire, A. and Xu, 
S-Q. (1995) Proc. Natl. Acad. Sc/ 92:4641-4645. 



In this regard, the term "randomly primed amplification" will be understood to 
mean amplification utilising one or more primers that results in amplification of 
substantially the entire target. For example, random amplification may be 
achieved with the use of one or more primers Including a sequence of one or 
more random nucleotides, the sequence of random nucleotides being 
sufficiently long so as to enable the primer to hybridize to the target nucleic acid 
under selected conditions at random positions and serve as a primer for 
extension by a polymerase. For example, the primer may be a primer including 
a stretch of six or more contiguous nucleotides of random sequence. 
Alternatively, random amplification may be achieved with one or more primers 
of fixed sequence, but with the stringency of the amplification reaction 
sufficiently low to enable random amplification of the target. 

In addition, it will be appreciated that amplification of DNA from one or more 
cells not only Includes the amplification of the entire chromosomal content of 
one or more cells, but also Includes the amplification of an isolated 
chromosome, or any part thereof, derived from one or more cells. For example, 
the DNA amplified for analysis could be a single chromosome isolated by 
microdissection or flow cytometry, a part of a chromosome isolated by 
microdissection, or part of a chromosome being a cloned fragment of genomic 
DNA. 

The temri "attaching" or variants thereof as used throughout the specification in 
relation to amplified DNA is to be understood to mean any form of immobilising 
amplified DNA to a solid substrate, including passive adsorption to the solid 
substrate, covalent linkage of the DNA to the solid substrate through 
appropriate chemical groups, or the use of specific chemical groups with high 
affinity for each other that allow the DNA to be immobilised on the solid 
substrate (eg biotin and streptavidin). 

The terni "solid substrate" as used throughout the specification Is to be 
understood to mean any solid support that allows a nucleic acid to be spatially 
fixed to the support and which allows the nucleic acid to remain fixed to the 
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support during hybridisation. Examples of solid supports include glass, nylon or 
other type of membranes, filters, and chips. 

In this regard, it will be understood that the nucleic acid need not be 
5 pemnanentiy fixed to the support, and that the nucleic acid may, if so desired, be 
fixed to the solid support so as to allow the removal of the nucleic acid from the 
support under selected conditions. ■ 

The temn "chromosomal abnonnality" as used throughout the specification is to 
10 be understood to mean any change or alteration in a part of a chromosome that 
may be detected by a method involving comparative genomic hybridization. 

The term "germ cell" as used throughout the specification is to be understood to 
mean a reproductive cell, a gamete, or a cell that will develop into a 
15 reproductive cell. For example, a gerni cell includes a spennato(^e or an 
oocyte. 

The term "repetitive sequences" as used throughout the specification is to be 
understood to mean any sequence present in a nucleic acid that is present in 

20 more than one copy in the genome. Each copy of a repetitive sequence need 
not be identical to all the others, as long as the sequences are sufficiently 
similar that under the hybridization conditions being used the same fragment of 
probe nucleic acid is capable of forming stable hybrids with each copy. 
Examples of repetitive sequences include simple repeated DNA (eg Alu or Kpn 

25 elements), satellite repeats, mini-satellite repeats; chromosome-specific 
repeats, micro-satellite repeats, repeated genes (eg rRNA. genes), sequences 
derived from transposable elements (eg transposons with DNA or RNA 
intermediates), elements derived from multiple copies of viruses such as 
retroviruses, repeats associated with centromeres or telomeres, or repeats 

30 associated with heterochromatin. 

The term "nucleic acid" as used throughout the specification Is to be understood 
to mean a polynucleotide or oligonucleotide, being composed of 
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deoxyribonucleotides or ribonucleotides in either single- or double-stranded 
iorm. including i<nown analogues of natural nucleotides that can function in a 
similar manner as naturally occurring nucleotides. 

5 The term "non-chromosomal sequences" as used throughout the specification is 
to t>e understood to mean any sequence in a nucleic acid sample that is not 
normally present in the nucleotide sequence of the genome of the nucleic acid 
sample, or the nucleotide sequence of one or more chromosomes or part 
thereof. Examples of such non-chromosomal sequences include sequences 
10 derived from a vector or plasmid, or contaminating sequences that may be 
present in a nucleic acid sample, such as sequences derived from E.co/i. 

The phrase "sequences that are over-represented due to amplification of the 
chromosome or part thereor or the term "over-represented sequences" as used 
15 throughout the specification is to be understood to mean those sequences 
present after amplification of the target that have been disproportionately 
amplified in comparison to other sequences normally present In the target. 

Brief Description of the Figures 

20 

Figure 1 shows electrophoresis of re-amplified DNA libraries of human 
chromosomes (autosomes 1-22; sex chromosomes X, Y) as described In 
Example 2. Size mariners {X HindlW, Puc19 Hpall) are also shown. 

25 Figure 2 shows FISH results of reamplified DNA libraries of human 
chromosomes, as described in Example 3. FISH was carried out using 
metaphase chromosome spreads of lymphocytes from normal male peripheral 
blood. Either SpectrumGreen-dUTP or SpectrumRed-dUTP was used to label 
DNA probes by DOP-PCR amplification. Except for very faint signals for the 

30 DNA library of chromosome 21, all the others uniformly painted their whole 
target chromosomes or q arms. 
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Figure 3 shows a depiction of tlie expected DNA array format by using loading 
of a 384-well-plate, as described in Example 4. 

Figure 4 shows results of electrophoresis of re*amplified DNA libraries before, 
5 during and after size selection, as described in Example 4(ii) for the 
manufacture of second generation arrays. 

Figure 5 shows the image and graphical representation of the data for the 
analysis of 47, XX, +13(Green) cell versus a 46, XY(Red) cell as described in 
10 Example 10. 

Figure 6 shows the image and graphical representation of the data for the 
analysis of a 47, XY, +18 cell versus a 46, XX cell as described in Example 10. 

15 Figure 7 shows one of the images which is representative of the experiments 
described in Example 11. 

Figure 8 shows thii image for the experiment of the analysis of a single cell with 
karyotype 47, XY, +18 versus a 46, XX single cell as described in Example 12. 

20 

General Description of the Invention 

As mentioned above, in one form the' present invention provides a method of 
comparing at least one chromosome or part thereof from a cell with a first 
25 karyotype with the corresponding chromosome or part thereof from a cell with a 
second karyotype, the method including the steps of: 

(a) amplifying DNA from an isolated chromosome or part thereof; 

(b) attaching the amplified DNA to a solid substrate; 

(c) amplifying DNA from one or more cells with a first karyotype and 
30 amplifying DNA from one or more cells with a second karyotype; 

(d) labelling the amplified DNA from the one or more cells with the first 
karyotype with a first label, and labelling the amplified DNA from the 
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one or more cells with the second karyotype with a second label, 
wherein the first and second labels are detectably different; 

(e) hybridizing the amplified and labelled DNA from the one or more cells 
with the first karyotype with the amplified DNA attached to the solid 
substrate, -and hybridizing the amplified and labelled DNA firom the 
one or more cells with the second karyotype with the amplified DNA 
attached to the solid substrate; and . 

(f) comparing the relative amount of first and second labels hybridized to 
the amplified DNA attached to the solid substrate. 

This forni of the present Invention allows an assessment of the number of 
copies of one or more chromosomes, or a region of one or more chromosomes, 
in a cell with a first karyotype to be compared to a con-esponding chromosome 
or region in a cell with a second karyotype. As such, this fonn of the present 
invention may be used, for example. In prenatal genetic diagnosis, pre- 
implantation genetic diagnosis, gender detemfilnation or selection, or the 
determination of the karyotype of cancerous or other somatic cells. 

Preferably, the cell with the first karyotype is of unknown karyotype, and the cell 
with the second karyotype is of known karyotype. For example, the cell with the 
first karyotype may have ah unknown chromosomal abnonnality at a particular 
chromosomal location, and the cell with the second karyotype may have a 
known nonnal chromosome at the corresponding chromosomal location. 

This form of the present invention is useful for the detection of gross 
chromosomal differences in a cell, such as deletions, duplications or 
amplifications. Examples of conditions that may be amenable to detection by 
the present invention include Trisomy 21, 13 and 18 and the detection of 
missing chromosomes, such as occurs in Tumor's syndrome (45, XO). 

It will be appreciated that the present invention may be used to compare all 
chromosomes in a cell with a first karyotype with a cell with a second karyotype. 
However, depending on the amplified DNA being attached to the solid 
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substrate, the invention may also be used for comparing parts of one or more 
specific chromosomes between cells. 

The chromosome to be compared may be any chromosome present in a cell of 
any ploidy (haploid, diploid or polyploid), including a sex chromosome, an 
autosome, a mitochondrial chromosome, a chloroplast chromosome or an 
episome. Preferably, the chromosome is a sex chromosome or an autosome. 
Most preferably, the chromosome is an autosome. 

Similariy. the part of the chromosome to be compared may be part of any 
chromosome present in a cell of any ploidy (haploid. diploid or polyploid) 
including a sex chromosome, an autosome, a mitochondrial chromosome, a 
chloroplast chromosome or an episome. Preferably, the part of the chromosome 
is part of a sex chromosome or an autosome. Most preferably, the part of the 
chromosome is part of an autosome. 

The cell with the first karyotype may be any cell for which the karyotype (first 
karyotype) Is to be compared to the karyotype (second karyotype) of another 
cell. The cell with the first karyotype may be a eukaryotic or a prokaryotic cell. 
Preferably, the cell Is a eukaryotic cell. More preferably, the cell is an animal or 
human cell. Most preferably, the cell Is a human cell. 

Preferably, the cell with the first karyotype is a foetal cell, a cell derived from an 
embryo, a gerni cell, a cancerous cell or any other type of somatic cell with a 
karyotype to be compared to the karyotype of another cell. More preferably the 
cell with the first karyotype is a foetal cell, an embryonic cell or a gerni cell. 
Most preferably, the cell is an embryonic cell or an oocyte. 

Examples of a foetal cell include a foetal cell taken from the amniotic fluid 
surrounding the foetus, a foetal blood cell taken from the maternal circulation, or 
a foetal cell taken finom the mother's reproductive tract (eg cervical or vaginal 
lavage). In this regard, foetal blood cells, unlike mature blood cells, are 
nucleated and can be isolated from the matemal cir^lation. 
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In the case of an embryonic cell, a small number of cells (usually one or two 
cells) may be removed from an embryo. In this procedure, one or more cells in 
an embryo may be removed by cleavage stage embryo biopsy. This procedure 
is usually perfomied on day 3 of development, when the embryo is at the 6-8 
cell stage. The biopsy consists of two stages. The first is to make a hole In the 
zona pellucida that sunnounds the embryo at this time, usually using acid 
Tyrodes solution or a non-contact laser. Once the hole is made, the cell may 
then be removed from the embryo. 

In the case of a germ cell, for example an oocyte or spenn cell, the gemi cell 
may be analysed directly. Alternatively, In the case of screening for matemal 
abnomialltles, a polar body from the oocyte may be isolated. 

In the case of a cancerous cell or any other somatic cell, one or more cells may 
be obtained from a subject by a suitable method known In the art, such as direct 
biopsy of cells or isolation froi^i blood. 

In this regard, a large number of cells may not necessarily be associated with a 
more accurate detemiination of karyotype, and in some cases it may be 
preferable that a relatively small number of cells (eg 1 to 20 cells) is isolated. 

The cell with the second karyotype may be any cell for which the karyotype of 
the cell with the first karyotype is to be compared. Preferably, the cell with the 
second karyotype, is of the same type or a similar type as the cell with the first 
karyotype. 

The isolated chromosome in the various forms of the present invention may be 
any chromosome that has been substantially purified from other chromosomes 
by a method known In the art. For example, the chromosome may be Isolated 
by microdissection as described In Meltzer et al. (1992) Nature Genetics 1:24- 
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28. Alternatively, the chromosome may be Isolated by flow cytometry as 
described in Telenius et al. (1992) Genes, Chromosomes & Cancer 4:257-263. 

In the case of microdissection, cells are first treated to force them into 
metaphase and an entire chromosome may be isolated with the use of a very 
fine needle. In the case of flow cytometry, chromosomes may be stained with 
specific chromosomal staining reagents and the chromosomes isolated by the 
extent of fluorescence associated with each of the chromosomes via sorting. 

A part of a chromosome in the various fornis of the present invention may be 
any part of a chromosome for which the kaiyotype is to be compared with the 
corresponding part of the same chromosome in another cell. A part of a 
chromosome may be isolated by a suitable method known In the art. including 
the microdissection of specific chromosomal bands from metaphase 
chromosomes as discussed above: 

Altematlvely. a part of a chromosobie may be Isolated by cloning a fragment of 
genomic DMA Into a suitable vechof. Methods for the Isolation of large and small 
genomic fragments and their cloning into vectors are essentially as described In 
Sambrook. J, Fritsch. E.F. and iv(aniatis. T. Molecular Cloning: A Laboratory 
Manual 2nd. ed. Cold Spring Harlior Laboratory Press, New York. (1989). For 
example, to produce large genomic flragments for cloning into a vector such as 
a YAC. partial digestion of genomic DNA with a restriction endonuclease may 
be pert^onned and the resulting fragments cloned into the vector. The isolated 
vector with cloned insert DNA may then be purified by a suitable method known 
in the art. Examples of suitable vectors for cloning targe genomic fragments are 
YAC vectors, BAC vectors, PI vectors or cosmids. 

Amplification of the DNA from an isolated chromosome or part thereof In the 
various forms of the present invention may be achieved by a suitable method 
known in the art that allows the production of additional copies of the DNA. For 
example. In the case of an entire chromosome Isolated by microdissection or 
flow cytometry, or a part thereof isolated by microdissection, the DNA may be 
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amplffled using PCR technology, essentially as described in DIeffenbach, C. W. 
and G. S. Dveksler (1995) PCR Primer, a Laboratory Manual. Cold Spring 
Harijor Press, Plalnvlew, N.Y. 

In the case of part of a chromosome cloned Into a circular vector, amplification 
may be achieved for example by PCR amplification or by the use of rolling circle 
ampllficatfon as described In Fire, A. and Xu, S-Q. (1995) Proc. Natl. Acad. Sd 
92:4641-4645. 

Preferably the amplification of the DNA from an isolated chromosome or part 
thereof will result in the amplification of substantially the entire target. 

Accordingly, it Is prefen-ed that the amplification of the isolated chromosome or 
a part thereof is randomly primed amplification to achieve amplification of 
substantially the entire target. 

Amplification of the DNA fl-om an Isolated chromosome or part there of will be 
performed with one or more appropriate primers. As discussed above, 
preferably the one or more primers used will result In the random amplification 
of the Isolated chromosome or part thereof. 

Preferably, the one or more primers used is an oligonucleotide including one or 
more nucleotides of random sequence. More preferably, the one or more 
primers Is an oligonucleotide including one or more contiguous nucleotides of 
random sequence. More preferably, the one or more of primers is an 
oligonucleotide that Includes six or more contiguous nucleotides of random 
sequence, such as a DOR primer (degenerate oligonucleotide firimer). Most 
preferably, the one or more primers Is a primer with the following nucleotide 
sequence: 

5'-CCGACTCGAGNNNNNNATGTGG-3' (SEQ ID NO. 1); 
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where NNNNNN represents the degenerate sequence. "N" represents the four 
possible nucleotides In the DNA sequence: "A", "T". "C" and "G" for Adenine, 
Thymine, Cytosine and Guanine, respectively. As such, the degenerate 
sequence contain mixtures of various nudeotrde sequences including all 
possible combinations of A, T. C and G at the "N" positions. 

If so desired, the nucleotide sequence of the degenerate sequence can also be 
biased towards a particular nucleotide composition, for example GO or AT 
richness. 

In the case of amplification using DOP primers on an Isolated chromosome, or a 
part of a chromosome isolated by microdissection or by cloning into a vector, 
the amplification may be performed essentially as described in Telenius et a/. 
(1992) Genomics 18:718-725 (1992). Briefly, the amplification Is performed 
under low stringency conditions for a low number of cycles (eg five cycles) and 
a second stage amplification performed under more stringent conditions for a 
larger number of cycles (eg 35 cycles). 

Alternatively, random primed amplification may be achieved using one or more 
primere of fixed sequence and performing a low number of cycles of 
ampHfcation under low stringency conditions that allow the one or more primers 
to prime synthesis randomly throughout the target, followed by a second stage 
amplification perfomied under more stringent conditions for generally a larger 
number of cycles. 

In addition, to account for regions of small chromosomes that may present a 
difficulty in achieving randomly primed amplification of substantially the entire 
target, region specific primers can also be used in conjunction with other 
primers that allow random amplification. For example, primere to specific 
regions of chromosomes 21 and 22 may be used In conjunctions with DOP 
primere. 
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Other suitable techniques for amplification of the isolated chromosome or part 
thereof include primer-extension pre-amplification PCR (PEP-PCR) which may 
be performed essentially as described in Zhang et al. (1992) Pmc Natl. Acad. 
Sc/ 89:5847-5851); ligation mediated PCR, which may be perfbnned essentially 
as described In Klein ef a/. (1999) Proc. Natl. Acad. Scl. 96:4494-4499); or alu- 
PCR, which may be performed essentially as in Nelson et al. (1989) Proc. Natl. 
Acad. Sd. 86:6686-6690). 

In the case of using rolling circle amplification on a cloned genomic insert in a 
circular vector, rolling circle amplification may be performed using suitable 
conditions known In the art, for example as described in Fire, A. and Xu, S-Q. 
(1995) Pmc. Natl. Acad. Sci. 92:4641 -4645. 

Preferably, the amplified DNA from the isolated chromosome or part thereof is 
further subjected to size selection before attachment to the solid substrate. 
Preferably, the amplified DNA attached to the solid substrate is less than 10 kb 
in size. More preferably, the amplified DNA attached to the solid substrate is 
less than 3 kb in size. 

Size selection may be peribmned by a suitable method known in the art. For 
example, the amplified DNA may be electrophoresed on an agarose gel, and 
DNAs witii a size in the range from 1 50 to 3000 bp may be isolated. 

In a prefen-ed fonn. the nucleic acid attached to the solid substrate is the 
product of randomly primed amplification of an isolated chromosome or part 
thereof, wherein the nucleic acid has been size selected. In this case, the 
randomly amplified DNA attached to ttie solid substrate Is preferably less than 
10 kb in size. More preferably, the randomly amplified DNA attached to the solid 
substrate is less than 3 kb in size. For example, the randomly amplified DNA 
may be electrophoresed on an agarose gel, and DNAs with a size in the range 
fr-om 150 to 3000 bp may be isolated. 
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In a further preferred embodiment, the amplified DNA from the Isolated 
chromosome or part thereof Is depleted of one or more of repetitive sequences, 
non-chromosomal sequences, or sequences that are over-represented due to 
amplification. A number of methods known In the art can be used to deplete the 
amplified DNA of such sequences. 

Repetitive sequences are sequences present in more than one copy in the 
target sequence to be amplified. Non-chromosomal sequences are sequences 
that are not normally present in the nucleotide sequence of the chromosome or 
part thereof, such as sequences derived from a vector or plasmid, or 
contaminating sequences that may be present in the originally target sample to 
be amplified, such as sequences derived from E.coli. Sequences that are over- 
represented due to amplification of the chromosome are those sequences 
present after amplification of the target that have been disproportionately 
amplified In comparison to other sequences normally present in the taiget. 

Repetitive sequences and/or non-chromosomal sequences may be removed 
either prior to amplification or after amplification. For example, chromosomal 
DNA may be isolated and repetitive sequences and/or non-chromosomal 
sequences removed. Altematively, the DNA niay first be amplified with 
appropriate primers and the repetitive DNA sequences and/or non- 
chromosomal sequences removed from the amplified pool of nucleic acids. 

Examples of repetitive sequences include simple repeated DNA (eg Alu or Kpn 
elements), satellite repeats, mini-satellite repeats, chromosome-specific 
repeats, micro-satellite repeats, repeated genes (eg rRNA genes), sequences 
derived from transposable elements (eg transposons with DNA or RNA 
intermediates), elements derived from multiple copies of viruses such as 
retroviruses, repeats associated with centromeres or telomeres, or repeats 
associated with heterochromatln. 

A number of methods known In the art can be used to remove repetitive 
sequences. For example, in many genomes, such as ttie human genome, a 
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major portion of repetitive DNA Is contained In a few families of highly repeated 
sequences such as Alu. To remove such repetitive sequences, a blocking 
procedure can be used. These methods primarily exploit the fact that the 
hybridization rate of complementary nucleic acid strands increases as their 
concentration increases; Thus, If a mixture of nucleic acid fragments is 
denatured and incubated under conditions that permit hybridization, the 
sequences present at high concentration will become double-stranded more 
rapidly than the others. The double-stranded nucleic acid can then be removed 
by the direct removal of these sequences by a method known in the art. 

For example, single- and double-stranded nucleic acids have different binding 
characteristics to hydroxyapatlte. Such characteristics provide a basis 
commonly used for fracUonating nucleic acids. The fraction of genomic DNA 
containing sequences with a particular degree of repetition can be obtained by 
denaturing genomic DNA. allowing it to reassoclate under appropriate 
conditions, followed by separatfon using hydroxyapatlte. Such techniques are 
as described in Britten et ai, "Analysis of Repeating DNA Sequences by 
Reassoclatlon" Aifef/iO£fe //? Efjzymo/ogy 22: 363-418 (1974). 

Examples of such sequences that can be used to deplete the amplified DNA of 
repetitive sequences include human Cot-1 DNA and Alu - repeat containing 
DNAs. 

Alternatively, reaction with immobilized nucleic acid may be perfomied. For 
example, minimally sheared human genomic DNA is bound to diazonlum 
cellulose or a like support. The amplified DNA. appropriately cut into fragments. 
Is hybridized against the Immobilized DNA to Cot values in the range of about 1 
to 100. The material that does not bind to the immobilised nucleic acid may then 
be attached to the solid substrate. 



In the case of repetitive sequences depleted from a genomic clone, the 
repetitive sequences may be depleted from a clone of genomic DNA (eg 
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removed during the cloning process) and the resulting clone depleted of 
repetitive sequences used for amplification. 

Similarly, non-chromosomal sequences may be depleted before or after 
ampimcation of the target sequence. In a similar manner to as described above 
for the depletion of repetitive sequences, non-chromosomal sequences may be 
depleted by using non-chromosomal sequences in excess in a hybridisation 
reaction with the target or the amplified DNA. or by attaching the non- 
chromosomal sequences to a solid support and using these sequences to 
deplete the DNA of these sequences. 

In the case of depleting over-represented sequences due to amplification, these 
sequences may be depleted fiiom the target before amplification by similar 
methods described above, or the over-represented sequences may be depleted 
after amplification. As will be appreciated, an understanding of the actual 
sequence being over-represented is necessary, and will depend on the primers 
being used and the nature of the target being amplified. 

The solid substrate in the various forms of the present invention is any solid 
support that allows a nucleic acid to be spatially fixed to the support and which 
allows the nucleic acid to remain fixed to the support during and after 
hybridisation. Examples of solid supports include glass, nylon or other type of 
membranes, filters, and chips. 

The amplified DNA may be attached to a solid substrate in the various fomis of 
the present invention by a suitable method known in the art, including passive 
adsorption or covalent linl^age. For example, the amplified DNA may be 
attached to a glass substrate by passive adsorption by spotting samples onto a 
Polysine™ microscope glass slide (Menzel-Glaser, Gemany) and processing of 
the slide by dehydration, snap-drying, fixation through UV cross linking, and 
chemical blocking by using succinic anhydride. In the case of covalent linkage, 
the amplified DNA may be attached to the solid substrate by a suitable method 
known in the art. 
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It is preferred that more than one amplified DNA is attached to the solid 
substrate, to produce an array of deposited DNAs. Such an array can be 
manufactured in any desired mianner Icnown in the art, including robotic 
deposition of the amplified DNAs. Examples of methods for producing arrays 
are essentially as described in U.S. Patents 5,486,452. 5.830.645, 5,807,552, 
5,800,992 and 5,445,934. 

Any suitable amount of DNA may be deposited on the solid substrate. The 
amount of nucleic add deposited can be from about 0.05 nl to about 5.0 nl of a 
nucleic acid solution of 0.15 - 1 jig/^il nucleic acid concentration. For example, 
for a density of 1 ,000 DNAs deposited/cm, the individual amount deposited Is 
about 0.2 nl to about 2.0 nl of 1 ing/^l solution. The DNA is provided in any 
solvent that will permit deposition of the nucleic acid. 

The aniay having deposited DNAs may be produced in any arrangement. For 
example, the DNAs can be located in one portion of the an-ay or can be 
interspersed among other deposited nucleic acids. The regularity of a two 
dimensional array is preferred. 

It is also prefenred that the an-ay include various control nucleic acids, such as, 
for example, spotted nucleic acids of known copy number for a particular 
expressed gene or genomic sequence. For example, genomic DNA extracted 
from cell lines with 1 or more copies of a particular chromosome can be used, 
or the entire DOP-PCR products of amplification of DNA from a single cell can 
also be used. 

The number of cells to be analysed in this fomri of the present invention is not 
particulariy limited, and may range finom a single cell (for example isolated from 
an embryo) to a large number of cells (for example isolated from a tissue biopsy 
or blood). For example, the method of the present invention may be applied to 
PGD on a single cell isolated from an embryo or a polar body flrom an oocyte, 
prenatal diagnosis of foetal cells, or the detemiination of the karyotype of 
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cancer cells or other somatic cells Isolated from a subject by biopsy or isolated 
from tiie blood. 

In a preferred form of the invention, the cell to be analysed is a single cell or a 
small number of cells, being in the range from 2 to 20 cells. 

Preferably, the number of cells from which DNA is to be extracted and amplified 
is the same or similar between the cell or cells with the first karyotype and the 
cell or cells with the second karyotype. For example, in the case of PGD on a 
single cell from an embryo or the polar body from an oocyte, a single cell from 
another source will be preferably used for the comparison. 

To obtain DNA from the cell for amplification in the various forms of the present 
invention, a suitable method known in the art for lysing the cell and obtaining 
the DNA may be used. For example, treatment of a cell with a hydroxide 
solution and subsequent neutralization lyses the cell and allows the extracted 
DNA to be directly amplified. 

Preferably the amplification will result in the amplification of substantially the 
entire extracted DNA. Accordingly, it is prefen^d that the amplification of the 
DNA is randomly primed amplification. 

Amplification of the DNA from the cell in the various forms of the present 
invention will be perfomied with one or more appropriate primers. As discussed 
above, preferably the one or more primers used will result in the random 
amplification of the DNA. 

To amplify DNA from one or more cells, the amplification of the extracted DNA 
may then be performed with one or more appropriate primers by a suitable 
method known in the art, such as PGR. 

Preferably, the one or more of the primere used for amplification is an 
oligonucleotide including one or more nucleotides of random sequence. More 
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preferabiy. the one or more primers is an oligonucleotide including one or more 
contiguous nucleotides of random sequence. More preferably, the one or more 
of the primers is an oligonucleotides that includes six or more contiguous 
nucleotides of random sequence, such as a DOP primer (degenerate 
oligonucleotide firimer). Most preferably, the one or more primers is a primer 
with the following nucleotide sequence: 

5'-CCGACTCGAGNNNNNNATGTGG-3* (SEQ ID NO. 1); 

where NNNNNN represents the degenerate sequence. "N" represents the four 
possible nucleotides In the DNA sequence: "A", 'T', "C" and "G" for Adenine, 
Thymine, Cytosine and Guanine, respectively. As such, the degenerate probe 
sequences contain mixtures of various probes including all possible 
combinations of A, T, C and G at the "N" positions. 

If so desired, the nucleotide sequence of the degenerate sequence can also be 
biased towards a particular nucleotide composition, for example GC or AT 
richness. 

In the case of amplification using DOP primers, the amplification may be 
perfomied essentially as described in Telenius et al. (1992) Genomics 18:718- 
725 (1982). Briefly, the amplification is performed under low stringency 
conditions for a low number of cycles (eg five cycles) and a second stage 
amplification peri'onned under more stringent conditions for a larger number of 
cycles (eg 35 cycles). 

Alternatively, random primed amplification may be achieved using one or more 
primers of fixed sequence and perfbmriing a low number of cycles of 
amplifcatlon under low stringency conditions that allow the one or more primers 
to prime synthesis randomly throughout the target, followed by a second stage 
amplification performed under more stringent conditions for a larger number of 
(^des. 
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Other suitable techniques for amplification of the extracted DNA Include primer- 
extension pre-ampllflcation PGR (PEP-PCR) which may be performed 
essentially as described In Zhang et al. (1992) Pmc Natl. Acad. Sci ^:5847- 
5861); ligation mediated PGR, which may be performed essentially as 
described in Klein a/. (1999) Proc. Natl. Acad. Sci. 96:4494-4499); or alu- 
PCR, which may be perfomried essentially as in Nelson et al. (1989) Proc. Natl. 
Acad. Sci. 86:6686-6690). 

Amplification may be performed under suitable conditions known in the art. For 
example, for the amplification by PGR of genomic DNA isolated from a single 
lymphocyte cell isolated from blood, lysis of the single cell may be achieved by 
treatment with a lysis buffer (200ml\/I KOH, 50mM dithiothreitol) for 10 min at 
65«C followed by neutralization with SOOmM KGI, 900mM Tris-HGI, Ph 8.3. 
200mM HGI. To the lysed and neutralized solution may be added an 
appropriate PGR buffer. Taq polymerase and amplification performed using an 
initial denaturation step of 95*G for 5 min and subsequent cycling conditions of 
8 cycles of low stringent amplification of 94»G for 1 min, 30°G for 1.5 min, 72*>G 
for 3 min with a ramp of 1"G per 4 seconds for increasing temperature from 
30°G to 72°G, followed by 26 cycles of high stringent amplification of 94°G for 1 
min, 62'»G for 1 min, 72''G form 3 min with an addition of 14 seconds per cycle to 
the extension step. An extension step of 72«G for 10 min may then be 
performed to complete the amplification. 

Preferably, extracted DNA from the cell with the first karyotype and extracted 
DNA from the cell with the second karyotype are amplified with the same 
primers, and preferably also under the same conditions. In this way, the quality 
and quantity of the extension products resulting fi-om the amplification reaction 
are comparable. 

It may also be desired to compare a specific chromosomal region or gene in the 
cell with a first karyotype with the same region or gene in the cell with a second 
karyotype. 
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The specific primer or the set of specific primers may be added to other primers 
that are present In the reaction mix for the purposes of, for example, randomly 
amplifying the extracted genomic DIMA. Alternatively, the specific primer or the 
set of specific primers may be used as the only primers to amplify the extracted 
DNA. ... 

Examples of primers that may be used are primers that amplify a specific region 
of a chromosome, such as primers to small chromosomes (eg chromosomes 21 
and 22). In such a case, it may be preferable to add such primers to a set of 
primers that randomly amplify the genomic DNA, for example DOP primers. 

In the situation where it is desired to amplify a specific chromosomal region, a 
specific locus, or one or more specific genes, primers to the particular region 
may be used alone or In combination with other primers, such as DOP primers 
to randomly amplify genomic DNA. For example, chromosomal regions 
Including the regions Involved In diseases such as thalassemia, Duchenne 
muscular dystrophy, X-llnked disorders and Haemophilia may be amplified for 
analysis of chromosomal abnonnalltles. It will be appreciated in this regard that 
the method of the current Invention is useful for the detection of major 
chromosomal abnonnallties such as deletions and multiplications, and the 
specific loci being amplified will need to carry such abnonnalities to allow their 
detection by the method of the present invention. 

Suitable appropriate primers for amplification of specific chromosomal regions 
may be identified from the known nucleotide sequence. In the case of the 
amplification of specific chromosomal regions in humans, appropriate primers 
may be selected by consideration of the commercial Cetera nucleotide 
sequence database or the publicly accessible nucteotide sequence database 
available from NCBI. 

For example, exon 11 of the cystic fibrosis gene (CFTR) may be amplified using 
a nested PCR approach. For the first round, the primers 6'- 
TGAAATAATGGAGATGCAATGTTC-3* anri 



-28- 



5'GCACAGATTCTGAGTAACCATAAT3' can be used. For the second round, 5"- 
GAACTGTGGTAAAGCAATAGTGT-3' and 5'- 

TACCAAATCTGGATACTATACCAT-3' are used as prinners. Suitable 
amplification conditions for the first round include 1/1 0th of the DOP-PGR tx\\x 

5 from the amplification of the DNA from a single cell, 50 mM KCI, 10 mM Tris- 
HCI, pH 8.3, 100 |iM each dNTP, 2.5 mM MgCb and 1U Taq polymerase, using 
the following conditions in a MJ Researcher PTC-100 PGR machine with hot 
bonnet: place reaction tubes into 96°C block and perform initial denaturatlon 
step of 94*^C for 5 min, cycling conditions of 94^C for 30 sec, 62°C for 45 sec. 

10 72°C for 45 sec, for 30 cycles. The second round PGR consists of 3 |il of the 
amplification products from the first round PGR, 50 mM KGI, 10 mM Tris-HGI, 
pH 8.3, 100 iM each dNTP, 2.5 mM MgCIa and 1U Taq polymerase. Gycling 
conditions use a MJ Researcher PTC-100 PGR machine with hot bonnet: and 
cycling conditions of 94°G for 30 sec, 52°G for 45 sec, 72^G for 45 sec, for 30 

15 cycles. After amplification, products can be sequenced essentially as described 
Hussey et al. (2002) Mol. Hum. Reprod. 8:1 136-1 143. 

Labelling of amplified genomic DNA In the various forms of the present 
invention with a suitable label may be achieved by a suitable method l^nown in 
20 the art. Labelling may occur after amplification, or alternatively, may occur 
during or as part of the initial amplification. 

For example, direct labelling of the amplified genomic DNA described above 
may accomplished by further rounds of PGR incorporating a fluorescent moiety 
25 attached to a nucleotide to be incorporated. Other methods of indirect labelling 
are also known in the art. Alternatively, the amplified DNA may be labelled by 
subjecting the DNA to nick translation with a labelled nucleotide, essentially as 
described In Kirchhoff ef a/. (1998). Cyfomef/y 31:163-173. 

30 The amplified DNA from one or more cells with a first karyotype will be labelled 
with a first label, and the amplified DNA from one or more cells with a second 
karyotype will be a labelled with a second label that is detectably different from 
the first label. Examples of detectably different labels for incorporation into DNA 
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include SpectrumGreen-dUTP and SpectaimRed-dUTP (both from Vysis). or 
Cy3-dUTP and Cy5-dUTP. 

I 
J 

For hybridisation of the amplified and labelled genomic DNAs to the DNA 
attached to the solid substrate in the various forms of the present invention, It is 
preferable that repetitive sequences, non-chromosomal sequences or 
sequences over-represented due to amplification, do not dominate the signal, 
and that they be depleted from the pool or that their ability to hybridize be 
suppressed as necessary. 

Such sequences may be depleted either prior to amplification or after 
amplification. For example, genomic DNA may be extracted and repetitive 
sequences, non-chromosomal sequences or sequences over-represented due 
to amplification depleted. Alternatively, the genomic DNA may first be amplified 
with appropriate primers and then these sequences depleted from the amplified 
pool of nucleic acids. 

A number of methods known in the art can be used to remove such sequences, 
and/or disable the hybridization capacity of such sequences. 

For example, in many genomes, such as the human genome, a major portion of 
repetitive DNA is contained In a few families of highly repeated sequences such 
as Alu. To remove such repetitive sequences, a blocking procedure can be 
used. These methods primarily exploit the fact that the hybridization rate of 
complementary nucleic acid strands increases as their concentration increases. 
Thus, if a mixture of nucleic acid fragments is denatured and incubated under 
conditions that permit hybridization, the sequences present at high 
concentration will become double-stranded more rapidly than the others. The 
double-stranded nucleic acid can then be removed and the remainder used in 
the hybridization. A blocking method is generally described in the context of 
Southern analysis by Sealy et aL, "Removal of Repeat Sequences form 
Hybridization Probes", Nucleic Acid Research ^3:1905 (1985). 
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Examples of such sequences that can be used to deplete the amplified DMA of 
repetitive sequences Include human Cot-1 DNA and Alu - repeat containing 
DNAs. 

Repetitive sequences may be depleted by the direct removal of these 
sequences by a method known In the art. For example, single- and double- 
stranded nucleic acids have different binding characteristics to hydroxyapatlte. 
Such characteristics provide a basis commonly used for fractionating nucleic 
acids. The fraction of genomic DNA containing sequences with a particular 
degree of repetition can be obtained by denaturing genomic DNA, allowing it to 
reassociate under appropriate conditions, followed by separation using 
hydroxyapatlte. Such techniques are as described in Britten et al., "Analysis of 
Repeating DNA Sequences by Reassociation" Methods in Enzymology22: 363- 
418 (1974). 

Alternatively, the reaction with Immobilized nucleic acid may be perfomed. For 
example, minimally sheared human genomic DNA Is bound to diazonium 
cellulose or a like support. The amplified genomic DNA. appropriately cut into 
fragments, is Hybridized against the Immobilized DNA to Cot values In the range 
of about 1 to 100. 

Non-chromosomal sequences or over-represented sequences may be removed 
by similar methods as described above, with the exception that vector and/or 
contaminating sequences are used to deplete the DNA of these sequences in 
the case of non-chromosomal sequences, and over-represented sequences 
used to deplete the DNA In the latter case. 

Hybridization of the amplified and labelled DNA to the amplified DNA attached 
to the solid substrate in the various fomris of the present invention may be 
pert^omned by a suitable method known In the art The hybridisation of the 
amplified DNA from the cell with the first karyotype to the DNA attached to the 
solid substrate, and the hybridisation of amplified DNA from the cell with the 
second karyotype to the DNA attached to the solid substrate, may be performed 
concuniently or sequentially. 
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The DNA is hybridized to DNA attached to the solid substrate under appropriate 
conditions. The hybridization conditions Include choice of buffer, denaturant, 
such as fomiamide, salt additives and accelerant. The buffer will preferably 
have a pH of about 6.8 to about 7.2. a salt content of about 1 .5X SSC to about 
2.5X SSC, and a fbmnamide content of about 40-50%. Suitable conditions can 
include a temperature of about 40 to about 80 degrees centigrade for a time 
sufficient to detect signal over background for both genomic and expression of 
about 1 to about 72 hours, preferably 12-24 hours. Hybridization accelerators, 
such as dextran sulfate, can be used if desired. The post-hybridization wash Is 
preferably at a stringency greater than that of the hybridization. 

It is prefen-ed that during hybridisation an excess of unlabeled human repeat 
sequence DNA, such as Cot-1 DNA is also added. Use of unlabelled repeat 
sequence DNA in the hybridisation mix is generBlly in amounts of about 0.01 to 
about 5.0 ng per ng of total labelled genomic DNA. 

The hybridization can be perfomied In any suitable apparatus that will maintain 
the amplified and labelled DNA in contact with the DNA attached to the solid 
support 

After hybridization, fluorescence intensity for each label is detected and 
determined by any suitable detector or reader apparatus and method. Laser- 
based array scanning detectors are known in the art. 

The imaging apparatus and method in the various fonns of the present 
invention may employ digital image processing algorithms used in a 
programmed computer for data analysis, storage and display of digital image 
data from the imaging apparatus. Any suitable digital image processing, data 
storage and display software can be used for analysis of the hybridization 
results. 
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The fluorescent data at each target element can be compared automatically to 
produce the ratio between the detectably different labels used. 

The comparison of the relative amount of the first and second labels hybridised 
to the amplified DMA attached to the solid substrate may be used to detect 
whether the cell with the first karyotype has the same karyotype at a particular 
chromosomal position as the cell with the second karyotype, or alternatively, 
whether the cell with the first karyotype has a different karyotype at a particular 
chromosomal position as the cell with the second karyotype. 

For the cell with the first karyotype to have the same karyotype as a cell with the 
second karyotype at a particular chromosomal location, preferably the ratio of 
the first (eg green) and second (eg red) labels hybridised to the amplified DNA 
will be in the range of 0.80 (ie ratio of red/green) for an autosome or 0.75 (le 
ratio of red/green) for a sex chromosome to 1,20 (ie ratio of red/green) for an 
autosome or 1.25 (ie ratio of red/green) for a sex chromosome. 

Alternatively, for the ceil with the first karyotype to be deficient in a copy of a 
region of a chromosome as compared to the cell with the second karyotype at a 
particular chromosomal location, preferably the ratio of the first (eg green) and 
second (eg red) labels hybridised to the amplified DNA will be larger than 1.20 
(ie ratio of red/green) for an autosome or larger than 1 .25 (ie ratio of red/green) 
for a sex chromosome. Conversely, for the cell with the first karyotype to have 
an additional copy of a region of a chromosome as compared to the cell with the 
second karyotype at a particular chromosomal location, preferably the ratio of 
the first (eg green) and second (eg red) labels hybridised to the amplified DNA 
will be less than 0.80 (ie ratio of red/green) for an autosome or less than 0.75 
(ie ratio of red/green) for a sex chromosome. 

The present invention also provides a method of detecting a chromosomal 
abnormality in a cell with an unknown karyotype, the method Including the steps 
of: 

(a) amplifying DNA from an isolated chromosome or part thereof; 
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(b) attaching the amplified DNA to a solid substrate; 

(c) amplifying DNA from one or more cells with an unknown karyotype 
and amplifying DNA from one or more cells with a reference 
karyotype; 

(d) labelling the amplified DNA from the one or more cells with the 
unknown karyotype with, a first label, and labelling the amplified DNA 

. firom the one or more cells with the reference karyotype with a second 
label, wherein the first and second labels are detectably different; 

(e) hybridizing the amplified and labelled DNA from the one or more ceils 
with the unknown karyotype with the amplified DNA attached to the 
solid substrate, and hybridizing the amplified and labelled DNA from 
the one or more cells with the reference karyotype with the amplified 
DNA attached to the solid substrate; and 

(f) detecting the presence of a chromosomal abnormality in the cell with 
the unknown karyotype by comparing the relative amount of the first 
label hybridised to the amplified DNA attached to the solid substrate 
to the amount of second label hybridised to the amplified DNA 
attached to the solid subistrate. 

The chromosomal abnormality may be any change or alteration in a 
chromosome that may be detected by a method utilising comparative genomic 
hybridization. Examples of chromosomal abnormalities that may be detected by 
this fomi of the present invention include extra or missing individual 
chromosomes, extra or missing portions of a chromosome, breaks and 
chromosomal rearrangements such as translocations, dicentrics, inversions, 
insertions, amplifications, and deletions. 

The cell with the unknown karyotype may be any cell for which tiie presence of 
a chromosomal abnormality is to be screened. Examples of chromosomal 
abnormalities that may be amenable to detection by the present Invention 
Include Trisomy 21, 13 and 18 and tiie detection of missing chromosomes, such 
as occurs In Turner's syndrome (45, XO). 
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The chromosome abnomiality may be associated with any chromosome 
present in a cell of any ploidy (h'aploid. diploid or polyploid). Including a sex 
chromosome, an autosome, a mitochondrial chwDmosome, a chloroplast 
chromosome or an episome. Preferably, the chromosome abnomiality Is 
present on a sex chromosome or an autosome. Most preferably, the 
chromosome abnomiality is present on an autosome. 

The cell with the unknown karyotype may be a eukaryotlc or a prokaryotic cell. 
Preferably, the cell Is a eukaryotlc cell. More preferably, the cell is an animal or 
human cell. Most preferably, the cell is a human cell. 

Preferably, the cell with the unknown karyotype Is a foetal cell, a cell derived 
from an embryo, a germ cell, a cancerous cell or any other type of somatic cell 
with a chromosomal abnomiality to be screened. More preferably the cell with 
the unknown karyotype is a foetal cell, an embryonic cell or genn cell. Most 
preferably, the cell with the unknown karyotype is an embryonic cell or a germ 
cell. 

Accordingly in a prefen-ed form, the present invention also provides a method of 
detecting a chromosomal abnomnality In an embryo or a gerni cell, the method 
including the steps of; 

(a) amplifying DNA from an isolated chromosome or part thereof. 

(b) attaching the amplified DNA to a solid substrate; 

(c) isolating a cell from an embryo or a germ cell; 

(d) amplifying DNA from the cell Isolated from an embryo or germ cell; 

(e) amplifying DNA from one or more cells with a reference karyotype; 

(f) labelling the amplified DNA from the cell Isolated from an embryo or 
germ cell with a first label, and labelling the amplified DNA from the 
one or more cells with the reference karyotype with a second label, 
wherein the first and second labels are detectably different; 

(g) hybridizing the amplified and labelled DNA from the cell Isolated from 
an embryo or germ cell with the amplified DNA attached to the solid 
substrate, and hybridizing the amplified and labelled DNA from the 
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one or more ceils with the reference karyotype with the amplified DMA 
attached to the solid substrate; and 
(h) detecting the presence of a chromosomal abnormality In the embryo 
or the gemi cell by comparing the relative amount of the first label 
hybridised to the amplified DMA attached to the solid substrate to the 
amount of second label hybridised to the amplified DNA attached to 
the solid substrate. 

In detecting a chromosomal abnonnallty, a large number of cells may not 
necessarily be associated with a more accurate determination of the presence 
of a particular chromosomal abnonnallty, and in some cases it may be 
preferable that a relatively small number of cells is isolated. 

The cell with the reference karyotype may be any cell for which the karyotype of 
the cell with the unknown karyotype is to be compared. Preferably, the cell with 
the reference karyotype is from the same species as the cell with the unknown 
karyotype and also of the same type or a similar type as the cell with the 
unknown karyotype. 

The number of cells to be analysed in this form of the present invention is not 
particulariy limited, and may range from a single cell (for example Isolated from 
an embryo) to a large number of cells (for example isolated from a tissue biopsy 
or blood). For example, the method of the present invention may be applied to 
PGD on a single cell Isolated from an embryo or a polar body from an oocyte, 
prenatal diagnosis of foetal cells, or the determination of the presence of a 
chromosomal abnormality in cancer cells or other somatic cells isolated from a 
subject by biopsy or isolated from the blood. * 

In a prefen-ed form of the invention, the cell to be analysed is a single cell or a 
small number of cells, being in the range from 2 to 20 cells. 

Preferably, the number of cells from which DNA is to be extracted and amplified 
is the same or similar between the cell or cells with the unknown karyotype and 
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the cell or cells with the reference karyotype. For example, in the case of PGD 
on a single cell from an embryo or the polar body from an oocyte, a single ceil 
from another source will be preferably used for the comparison. 

In one embodiment, it may also be desired to detect a specific chromosomal 
abnormality in the cell with an unknown karyotype with the same region in a cell 
with a reference karyotype. In this form, a specific primer or a set of specific 
primers may be added to the extracted DMAs from both the cell with the 
unknown karyotype and the cell with the reference region. 

The specific primer or the set of specific primers may be added to other primers 
that are present in the reaction mix for the purposes of, for example, randomly 
amplifying the extracted genomic DNA. Alternatively, the specific primer or the 
set of specific primers may be used as the only primers to amplify the extracted 
DNA. 

Examples of primers that may be used to detect a chromosomal abnonnality in 
a specific region are primers that amplify a specific region of a small 
chromosome (eg chromosomes 21 and 22). In such a case, it may be 
preferable to add such primers to a set of primers that randomly amplify the 
genomic DNA, such as DOP primers. 

In the situation where it is desired to amplify a specific chromosomal region, a 
specific locus, or one or more specific genes associated with a chromosomal 
abnormality, primers to the particular region may be used alone or in 
combination with other primers, such as DOP primers to randomly amplify 
genomic DNA. For example, chromosomal regions including the regions 
involved in diseases such as thalassemia. Duchenne muscular dystrophy, X- 
linked disorders and Haemophilia may be amplified for analysis of chromosomal 
abnormalities. It will be appreciated in this regard that the method of the current 
invention is useful for the detection of major chromosomal abnormalities such 
as deletions and multiplications, and the specific loci being amplified will need to 
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carry such abnormalities to allow their detection by the method of the present 
invention. 

The amplified DNA from the one or more cells with the unknown karyotype will 
be labelled with a first label, and the amplified DNA from one or more cells with 
the reference karyotype will be a labelled with a second label that is detectably 
different from the first label. Examples of detectably different labels for 
Incorporation into DNA include SpectrumGreen-dUTP and SpectrumRed-dUTP 
(both from Vysis), or Cy3-dUTP and Cy5-dUTP. 

The comparison of the relative amount of the first and second labels hybridised 
to the amplified DNA attached to the solid substrate may be used to detect 
whether the cell with the unknown karyotype has a chromosomal abnomiality at 
a particular chromosomal position as the cell with the reference karyotype. 

For the detection of a deficiency in a copy of a region of a chromosome, 
preferably the ratio of the first (eg green) and second (eg r^d) labels hybridised 
to the amplified DNA will be larger than 1.20 (ie ratio of red/green) for an 
autosome or larger than 1.25 (ie ratio of red/green) for a sex chromosome. 
Conversely, for the detection of an additional copy of a region of a 
chromosome, preferably the ratio of the first (eg green) and second (eg red) 
labels hybridised to the amplified DNA will be less than 0.80 (ie ratio of 
red/green) for an autosome or less than 0,75 (ie ratio of red/green) for a sex 
chromosome. 

The present invention also provides a nucleic acid attached to a solid substrate, 
wherein the nucleic acid is derived from an isolated chromosome or part thereof 
and the nucleic acid is depleted of repetitive sequences. 

This form of the present invention provides a nucleic acid attached to a solid 
substrate that is useful not only for comparative genomic hybridisation, but is 
also useful as a substrate for detecting nucleic acids In any hybridisation based 
system. 



-38- 



The nucleic acid attached to the solid substrate may be any nucleic acid that is 
derived from an isolated chromosome or part thereof. The nucleic acid may be 
directly derived from the isolated chromosome or part thereof. For example, 
DNA from one or more isolated chromosomes may be directly attached to a 
solid substrate, or the DNA from one or more clones containing genomic DNA 
may be directly attached to the solid substrate. 

Alternatively, the nucleic acid attached to the solid substrate may be the product 
of amplification of an isolated chromosome or part thereof. 

Preferably, the nucleic acid attached to the solid substrate is the product of 
amplification of the DNA from an isolated chromosome or part thereof. 

In the case of amplification of the DNA from an isolated chromosome or part 
thereof, preferably the amplification will result In the amplification of 
substantially the entire target. Accordingly, it is preferred that the amplification 
of the isolated chromosome or a part thereof is randomly primed amplification. 

Amplification of the DNA from an isolated chromosome or part there of will be 
perfomied with one or more appropriate primers. As discussed above, 
preferably the one or more primers used will result in the random amplification 
of the DNA of the isolated chromosome or part thereof. 

Preferably, the one or more primers used is an oligonucleotide Including one or 
more nucleotides of random sequence. More preferably, the one or more 
primers is an oligonucleotide including one or more contiguous nucleotides of 
random sequence. More preferably, the one or more of primers is an 
oligonucleotide that Includes six or more contiguous nucleotides of random 
sequence, such as a DOP primer (degenerate oligonucleotide firimer). Most 
preferably, the one or more primers is a primer with the following nucleotide 
sequence: 
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5'-CCGACTCGAGNNNNNNATGTGG-3' (SEQ ID NO. 1 ); 

where NNNNNN represents the degenerate sequence. "N" represents the four 
possible nucleotides in the DNA sequence: "A", T", "C" and "G" for Adenine, 
Thymine, Cytosine- and Guanine, respecUvely. As such, the degenerate 
sequence contain mixtures of various nucleotide sequences including ail 
possible combinations of A, T. C and G at the "N" positions. 

If so desired, the nucleotide sequence of the degenerate sequence can also be 
biased towards a particular nucleotide composition, for example GC or AT 
richness. 



In the case of amplification using DOP primers on an isolated chromosome, or a 
part of a chromosome isolated by microdissection, the amplification may be 
15 perfomned essentially as described in Telenius ef a/. (1992) Genomics 18:718- 
726. Briefly, the amplification is perfomned under low stringency conditions for a 
low number of cycles (eg five cycles) and a second stage amplification 
performed under more stringent conditions for a larger number of cycles (eg 35 
cycles). 



20 



Alternatively, random primed amplification may be achieved using one or more 
primers of fixed sequence and peribmning a low number of cycles of 
ampllfcation under low stringency conditions that allow the one or more primers 
to prime synthesis randomly throughout the target, followed by a second stage 
25 amplification perfomned under more stringent conditions for a larger number of 
cycles. 



In addition, to account for regions of small chromosomes that may present a 
difficulty in achieving randomly primed amplification, region specific primers can 
be used In conjuncHon with other primers that allow random amplification. For 
example, primers to specific regions of chromosomes 21 and 22 may be used in 
conjunctions with DOP primers. 
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Other suitable techniques for amplification of the isolated chromosome or part 
thereof Include primer-extension pre-ampljficatlon PGR (PEP-PCR) which may 
be perfomied essentially as described in Zhang et al. (1992) Pmc Natl. Acad. 
Sc/ 89:5847-5851): ligation mediated PGR, which may be perfonned essentially 
as described In Klein a/. (1999) Proc. Natl. Acad. Sci. 96:4494-4499); or alu- 
PGR, which may be performed essentially as In Nelson et al. (1989) Pmc. Natl. 
Acad. Sd. 86:6686-6690). 

In the case of using rolling circle amplification on a cloned genomic insert In a 
circular vector, rolling circle amplification may be performed using suitable 
conditions known in the art. such as described in Fire, A. and Xu, S-Q. (1995) 
Proc. Natl. Acad. Sc/ 92:4641 -4645. 

A number of methods known in the art can be used to deplete the amplified 
ONA of repetitive sequences. 

Repetitive sequences are sequences present In more than one copy in the 
target sequence to be amplified. Repetitive sequences may be Vemoved either 
prior to amplification or after amplification. For example, chromosomal DNA 
may be isolated and repetitive sequences removed. Alternatively, the DNA may 
first be amplified with appropriate primers and the repetitive DNA sequences 
removed flnom the amplified pool of nucleic acids. 

Examples of repetitive sequences include simple repeated DNA (eg Alu or Kpn 
elements), satellite repeats, mini-satellite repeats, chromosome-specific 
repeats, micro-satellite repeats, repeated genes (eg rRNA genes), sequences 
derived from transposable elements (eg transposons with DNA or RNA 
intemiediates), elements derived fiiom multiple copies of vimses such as 
retrovlmses, repeats associated with centromeres or telomeres, or repeats 
associated with heterochromatin. 

A number of methods known in the art can be used to remove repetitive 
sequences For example, in many genomes, such as «ie human genome, a 
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major portion of repetitive DNA is contained In a few femilles of liighly ™peated 
sequences suci, as Alu. To remove such repetitive sequences, a blocking 
procedure can be used. Tt,ese methods primarily exploit the fact that the 
hybridization rate of complementary nucleic acid strands Increases as their 
concentration increases. Thus, if a mixture of nucleic acid ftagn»nts is 
denatured and Incubated under conditions that pemiit hybridization, the 
sequences present at high concentration will become double-stranded more 
rapidly than the othere. The double-stranded nucleic acid can then be removed 
by the direct removal of these sequences by a method known in the art. 

For example, single- and double-stranded nucleic acids have different binding 
characteristics to hydroxyapatite. Such characteristics provide a basis 
commonly used for fractionating nucleic acids. The fraction of genomfc DNA 
a.nta,ning sequences with a partfcular degree of repetition can be obtained by 
denaturing genomic DNA. allowing It to reassodate under apprepriate 
condiUons. followed by separation using hydrexyapatite. Such techniques are 
as described In Britten et a/. 'Analysis of Repeating DNA Sequences by 
Reassodatton'MeflKxfs/n&izjflnotoac^: 363-418 (1974). 

Examptes of such sequences that can be used to deplete the amplMed DNA of 
repeMve sequences include human Cot-1 DNA and Alu - repeat containing 
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Altematively. reactfon with immobilized nucleic add may be perfomied For 
exmnple. minimally sheared human genomic DNA is bound to diazonium 
ceNutose or a like support. The amplified DNA. appropriately cut into fragments 
IS hybndized against the immobilized DNA to Cot values In the range of about 1 
to 100. The material that does not bind to the Immobilised nucleic acW may then 
be attached to the solid substrate. 

In a prefeaed embodiment, the nucleic acW derived frem the isolated 
Chromosome or part thereof to be attached to the solid substrate Is also 
depleted of non-chromosomal sequences, or sequences that are over- 
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represented due to amplification. Non-chromosomal sequences are sequences 
that are not normally present in the nucleotide sequence of the chromosome or 
part thereof, such as sequences derived from a vector or plasmid or 
contaminating sequences that may be present in the originally target sample to 
• be amplified, such as sequences derived from E.colL Sequences that are over- 
represented due to amplification of the chromosome are sequences present 
after amplification of the target that have been disproportionately amplified in 
comparison to other sequences nomnally present in the target. 

Non-chromosomal sequences may be depleted before or after amplification of 
the target sequence. In a similar manner to as described above for the depletion 
of repetitive sequences, non-chromosomal sequences may be depleted by 
using non-chromosomal sequences in excess In a hybridisation reaction with 
the target or the amplified DNA. or by attaching the non-chromosomal 
sequences to a solid support and using theses sequences to deplete the DNA 
of these sequences. 

In the case of depleting over-represented sequences due to amplification, tiie 
target sequences may be depleted from tfie target before amplification by 
similar methods described above, or the over-represented amplified sequences 
may be depleted after amplification. As will be appreciated. Identification of the 
actual sequence being over-represented is necessary, and will depend on tiie 
pnmers being used and tiie nature of the target to be amplified. 

In a prefen-ed form, the present invention also provides a nucleic acid attached 
to a solid substrate, wherein the nucleic acid is the product of randomly primed 
amplification of an Isolated chromosome or part tfiereof and the nucleic acid is 
depleted of one or more of repetitive sequences, non-chromosomal sequences 
or sequences that are over-represented due to amplification of tiie chromosome 
or part thereof. 

The nucleic acid from tiie isolated chromosome or part thereof may also 
subjected to size selection before attachment to the solid substrate. Preferably, 
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the amplified DNA attached to the solid substrate is less than 10 kb in size. 
More preferably, the amplified DNA attached to the solid substrate is less than 3 
kb in size. 

5 Size selection may be performed by a suitable method known in the art. For 
example, the amplified DNA may be electrophoresed on an agarose gel. and 
DNAs with a size in the range from 150 to 3000 bp may be isolated. 

In a prefen-ed forni. the nucleic acid attached to the solid substrate is the 
10 product of randomly primed amplification of an isolated chromosome or part 
thereof, wherein the nucleic acid has been size selected. In this case, the 
randomly amplified DNA attached to the solid substrate is preferably less than 
10 kb in size. More preferably, the randomly amplified DNA attached to the solid 
substrate is less than 3 kb in size. For example, the randomly amplified DNA 
may be electrophoresed on an agarose gel. and DNAs with a size In the range 
fiTom 150 to 3000 bp may be Isolated. 
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The nucleic DNA may be attached to a solid substrate by a suitable method 
known in the art. including passive adsorption or covalent linkage. For example. 

20 amplified DNA may be attached to a glass substrate by passive adsorption by 
spotting samples onto a Polysine™ microscope glass slide (Menzel-Glaser, 
Gemany) and processing of the slide by dehydration, snap-drying, fixation 
through UV cross linking, and chemical blocking by using succinic anhydride. In 
the case of covalent linkage, the nucleic acid may be attached to the solid 

25 substrate by a suitable method known in the art. 



It is preferred that more than one nucleic acid is attached to the solid substrate, 
to produce an an-ay of deposited nucleic acids. Such an array can be 
manufactured in any desired manner known in the art. including robotic 
deposition of the nucleic acids. Examples of methods for producing an^ys are 
essentially as described In U.S. Patents 5.486,452, 5,830,645, 5,807,552, 
6,800,992 and 5,445,934. 
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Accordingly. in a preferred form, the present invention also provides an array of 
nucleic acids attached to a solid substrate, wherein each nucleic acid in the 
array is derived from an isolated chromosome or part thereof and each nucleic 
acid is depleted of repetitive sequences. 

In another preferred fomri. the present Invention also provides an array of 
nucleic acids attached to a solid substrate, wherein each nucleic acid in the 
anay is the product of randomly primed amplification of an isolated 
chromosome or part thereof and each nucleic acid is depleted of one or more of 
repetitive sequences, non-chromosomal sequences or sequences that are over- 
represented due to amplification of the chromosome or part thereof. 

Any suitable amount of nucleic acid may be deposited on the solid substrate. 
The amount of nucleic acid deposited can be from about 0.05 nl to about 6.0 nl 
of a nucleic acid solution of 0.15 - 1 ng/^i nucleic add concentration. For 
example, for a density of 1,000 DMAs deposited/cm. the individual amount 
deposited is about 0.2 nl to about 2.0 nl of 1 ng/nl solution. The DNA is provided 
in any solvent that will penult deposition of «ie nucleic acid. 

The anay having deposited nucleic acids may be produced in any arrangement. 
For example, the nucleic acids can be located in one portion of the an-ay or can 
be Interspersed among other deposited nucleic acids. The regularity of a two 
dimensional array is preferred. 

It is also preferred that the array include various control nucleic acids, such as, 
for example, spotted nucleic acids of known copy number for a particular 
expressed gene or genomic sequence. For example, genomic DNA extracted 
from cell lines with 1 or more copies of a particular chromosome can be used, 
or the entire DOP-PCR products of amplification of DNA from a single cell can 
also be used. 

In another fomi, flie present Invention also provides a kit for comparing at least 
one chromosome or part thereof from a cell with a first karyotype with tfie 



-45- 



corresponding chromosome or part thereof from a cell with a second karyotype, 
the kit Including a nucleic acid attached to a solid substrate, wherein the nucleic 
acid is derived from an isolated chromosome or part thereof and the nucleic 
acid is depleted of repetitive sequences. 

In a further fomn, the present Invention also provides a kit for comparing at least 
one chromosome or part thereof from a cell with a first karyotype with the 
con-esponding chromosome or part thereof from a cell with a second karyotype, 
the kit including a nucleic acid attached to a solid substrate, wherein the nucleic 
acid is the product of randomly primed amplification of an isolated chromosome 
or part thereof and the nucleic acid is depleted of one or more of repetitive 
sequences, non-chrombsomal sequences or sequences that are over- 
represented due to amplification of the chromosome or part thereof. 

In another fonfn. the present Invention also provides a kit for comparing at least 
one chromosome or part thereof from a cell with a first karyotype with the 
con-esponding chromosome or part thereof from a cell with a second karyotype, 
the kit including an array of nucleic acids attached to a solid substrate, wherein 
each nucleic acid in the array is derived from an isolated chromosome or part 
thereof and each nucleic acid is depleted of repetitive sequences. 

In another form, the present Invention also provides a kit for comparing at least 
one chromosome or part thereof from a cell with a first karyotype with the 
con-espondIng chromosome or part thereof from a cell with a second karyotype, 
the kit including an array of nucleic acids attached to a solid substrate, wherein 
each nucleic acid In the array is the product of randomly primed amplification of 
an isolated chromosome or part thereof and each nucleic acid is depleted of 
one or more of repetitive sequences, non-chromosomal sequences or 
sequences that are over-represented due to amplification of the chromosome or 
part thereof. 

The various kits of the present invention are also suitable for detecting a 
chromosomal abnomiallty in a cell. 
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SEQUENCE LISTING 

<210> SEQ ID NO. 1 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<221> iaisc_feature 
<222> (10).. (15) 
<223> n is a, c, g, or t 
<400> SEQ ID No. 1 
ccgactcggn nnnnnatgtg g 
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Description of the Preferred Embodiments 

Reference will now be made to experiments tliat embody the above general 
principles of the present invention. However, it is to be understood that the 
following description is not to limit the generality of the above description. 

Example 1 

Human chromosome-specific DNA libraries 

A complete set of repeat-depleted, PCR-amplifiable. human chromosome- 
specific painting probes was kindly provided by Drs. A.Bolzer and M.R. 
Speicher (Institut fUr Anthropologie and Humangenetik, LMU l\^Onchen, 
MOnchen. Gemnany). 

Because of their ability to unlfomnly paint the whole target chromosome (arms), 
th6se probes were selected in this project as DNA libraries of human 
chromosomes. The DNA libraries were generated by microdissection for 15 
chromosomes of No.1, 3. 6, 7, 9. 12, 13. 14, 15. 17, 19. 20, 21, 22. and X) or 
flow-sorHng for 9 chromosomes of No. 2, 4, 5, 8, 1 0, 1 1 , 1 6, 1 8, and Y. In order 
to avoid cross-hybridisation among the p arms of five acrocentric chromosomes 
(13-15, 21. and 22), only q arms of these chromosomes were microdlssected 
Into their corresponding DNA libraries (Guan ef a/. (1994) Genomics 22:101- 
107). 

Using subtracters including human Cot-1 DNA, chromosome centromere- 
specific probes, and aphold region-specific probes, further depletion of 
repetitive sequences out of these probes was successtully conducted by afRnity 
chromatography. Briefly, repeat sequences were labelled with biotin and 
allowed to hybridise to the library containing repeat sequences. After 
hybridisation streptavidin-magnetic bead afRnity chromotography was used to 
remove the repeat sequences bound to the biotin labelled repeat sequences. 
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Without addition of human Cot-1 DNA to suppress repetitive sequences, these 
repeat-depleted DNA libraries achieve high specific FISH signals on their 
corresponding target chromosomes (q arms) as described in Craig ,ef al. (1997) 
Hum. Genet. 100:472-474 and Bolzer et al. (1999) Cytogenet. Cell Genet 
84:233-240. 

Example 2 

Preparation of human chromosome-specific DNA libraries 

Successful re-amplification of the human DNA library described in Example 1 
was achieved by single round of degenerate oligonudeotide-primed PGR (DOP- 
PCR) for 30-35 cycles of high-stringent cycling conditions, essentially as 
described in Telenius etal. (1992) Genomics 13:718-725. 

Briefly, amplification was canied out in a Minicycler (MJ Research, USA) in a 
volume of 50 pi. which contained about 50 -100 ng of source probes, Taq DNA 
ploymerase buffer (60 mM KCI, 10 mM Tris-HCI [pH 8.3], Pericin Elmer, USA), 
2.0 pM primer 6MW(5*-CCGACTCGAGNNNNNNATGTGG-3'), 2.5 mM MgCb, 
0.25mM of each dNTP. and 5 U Taq DNA polymerase (Peri<in Elmer. USA). 
After an Initial denaturation step of 95«C for 4 min. 30-35 cycles were followed 
using cycling conditions of 94»C for 1 min, 62X for 1 min. and 72oC for 3 min 
with an addition of 10 seconds per cycle to the extension time. Finally an 
extension step of 72'»C for 10 min was added at the end of cycling amplification. 

6 Ml of PGR products was electrophoresed on 1% agarose gels in 0.5 X TBE 
(Tris. borate. EDTA) prestained with ethidium bromide and photographed. The 
results are shown in Figure 1. 

As can be seen, successful amplification of the whole set of repeat-depleted 
human chromosome-specific DNA libraries was achieved by one round of DOP- 
PGR amplification of 30-35 cycles by using the high stringent cycling conditions 
of the traditional DOP-PCR. All PGR products of reamplified DNA libraries were 
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smears with the majority less than 1 kb after 30 min run on 1% Agarose gels. 
However, dHferences of smears were obvious. Wider smears extending up to 
more than 3 kb were seen for products of eleven different chromosomes (No.1 , 
2. 4, 5, 8, 9, 10, 11, 16, 21. and Y), only three of which were mlcrodissection- 
derived probes (No.1, 9. and 21). 

Comprehensively optimising the cycling conditions of DOP-PCR, which included 
both temperature and duration for both steps of annealing and elongation, the 
numbers of amplification cycles, initial DNA quantities of templates, and salt 
concentrations of MgCla. failed to remove the differences In sizes of the PGR 
products. 

Purification of the PGR products was then conducted by Ultrapure PGR 
purification kits(#1 2500-250, Mo Bio Laboratories, Inc., CA. USA). Purified 
products were either used immediately or stored at -20°C for one year without 
any visible loss of their specificities, as detemiined by FISH signals. 

Example 3 

Fluorescence in situ hybridisation using m-amplified DNA libmries 

FISH experiments were carried out to confirm the specificities for the DNA 
libraries of human chromosomes reamplified by using metaphase 
chromosomes of peripheral lymphocytes from a normal human male. 

Fluorescence in situ hybridisation was carried out as follows: 
SpectaimGreen-dUTP or SpectrumRed-dUTP (Vysis, USA) was used to label 
the amplified DNA libraries. Labelling reaction was carried out in a Minlcycler 
(MJ Research, USA) with a volume of 50 \x\ using similar DOP-PCR cycling 
conditions used above to reamplify source probes of DNA libraries (Example 2). 
Low concentration of dNTP was the only exception employed here with 0.16 
mM for each of dGTP, dCTP, and dATP, and 0.1 2mM for dTTP with addition of 
0.04mM for either SpectmmGreen-dUTP or SpectrumRed-dUTP. Purification of 
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PCR products was conducted by Ultrapure PCR purification l<lts(#1 2500-250, 
Mo Bio laboratories. Inc., CA, USA). For FISH experiments, Ipg of purified 
labelled products was mixed with 20 pg of human Cot-1 DNA(GIBiCO, BRL) 
and 50pg of Salmon spemn DMA (GIBICO. BRL). The probe mixture was 
precipitated with ethanol and resuspended in 10 pi of hybridiztalon solution, 
which was consisted of 50% deionized fomiamide. 3 X BSC, 0.1% SDS, 10% 
dextran sulfate, and 5 X Denhardfs solution. 

After denaturation at SO^C for 10 min and preanneallng at SZ^C for 30 min. 
probes were hybridized to denatured metaphase chromosome spreads at 37^*0 
overnight. After hybridization, the slides were washed twice with 2 X SSC at 
eO^C for 10 min and then twice with 0.1 X SSC at 60»C for 5 min. After that, 
slides were further washed once in 0.1 X SSC at room temperature for 5 min 
and then briefly rinsed in H2O for a few seconds. After being dried by air In the 
dartc, slides were counterstained with 40 pi of DAPI solution containing 
antifading medium and covered with coverslips sealed by nailsticks. FISH 
signals were obtained and photographed by microscope of AHBT3(Olympus. 
Tokyo, Japan) using (1) excitation with blue for Green signals and (2) excitation 
Triple for Red signals. 

As shown In Figure 2, except for very faint signals for the DNA library of 
chromosome 21, all the others unifomnly painted their whole target 
chromosomes or q arms. 

Example 4 

Manufacture of DNA arrays 

(i) DNA an^ays of PCR amplified libraries of human chromosomal DNA (First 
Generation Array) 

DNA anrays were made using the Mlcroamay facilities of the University of 
Adelaide, South Australia. 
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Briefly, all re-amplified DNA libraries of human chromosomes were resuspened 
.n spotting buffer of 3 X SSC with final DNA concentration of around lOOng/pl. 
and then Spl of each suspension solutions were loaded Into the wells of a 384- 
well plate. Subsequently, a microanayer sampled wells from this plate and 
spotted 8 replicates for every DNA sample on Polyslne™ microscope glass 
slides (Menzel-Glaser. Gemany). Post-processing of the printed array slides 
included dehydration, snapplng-dry. fixation through UV cross linking, and 
chemical blocking by using succinic anhydride. Finally, after being dried by 
centriftiging at 600 rpm for 5 min. an-ay slides could be used Immediately or 
stored In slide box for a short period of time in the daric. 

Thirty array slides were manufactured. As shown in Figure 3. two replicate 
anays were spotted on every slide. Each array had 4 blocks. Within each array 
four blocks were refen^ed from left to right as the I'*. 2"^ S"". and 4* block, 
which had 7. 7. 6. and 6 columns, respectively. Each column was consisted of 4 
replicates of one DNA library of a single human chromosome. Ftom left to right 
their column's orders cbn-espondlng to DNA liberies of human chromosomes 
were No. 1-5-9-3-1 7-21 -negative. No.2-6-10-14-18-22-posltlve. No.3-7-11-15. 
19-X.blank. and No.4-8.12-16-20.Y-blank for the l^*. 2"^ 3"*. and 4«^ block 
respectively. 

(il) DNA arrays of PCR amplified' libraries of human chromosomal DNA after 
size selection (Second Generation An-ay) 

A DNA array with size selected products was produced by electrophoresis of 
the re-amplified DNA libraries described in Example 2 on a 1o/o Agarose gel 
Af^er staining. DNAs in the size range of 150 - 3000 bp we,B excised from the 
gel and isolated, as shown In Figure 4. 

The resulting sbe selected DNAs were men spotted onto an array along wW, 
the ongmal DNA libraries prior to sfee seleclon as descril^d previously, with the 
following changes: DNA was nesuspended In 150 mM sodium phosphate. pH 
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8.0 at an app«>x,mafe concentration of 170ng/ mI. An amount of app^ximately 
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S r^te lymphocytes isolated ftom nomiai n«,e or normal female periphe™. 

«.Hures of p-^nances of trisomies 13 and 18 were used as test oe J 

Cytogenetic analysis was used to conflmi th» nnr^, i. " ^ 

and 46 XY r»f^r ™^ karyotypes of the 46. XX 

pulled glass prpettes. single cells ^ selected and transfen^ Wo o 5 ml Pct 
tubes essentially as described h' Hussey ef al (1999> o 
S.1089-1094. whK* could be used immediately or fto»n for a period of timT. 



25 



Examp le R : 

First round DOP-PCR for random amplification 



30 



dWothratol) for 10 min at 65"C followed by neutralization with 5ul of 

"e zrziz': r t t ^- 

MgCb. 4pl of 2.5mlVI of each dNTP. 5^1 of 20mM of DOP-PCR 6MW 5U of Taa 
polymerase (Perkin Elmer. Norwalk CT I i<5A^ oiviw. 5u of Taq 

•ler. iNorwaiK, CT, USA), and ultrapure water (Biotech 
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Intematlonal. Perth. WA. Australia) to a volume of 50 pi. These PGR tubes 
were placed into a MJ Research Minicycler (Boston. MA. USA) for an initial 
denaturation step of 950C for 5 min. The subsequent cycling conditions 
contained 8 cycles of low stringent amplification of 94«C for 1 min 30<>C for 1 5 
5 min. 720C for 3 min with a ramp of l-C per 4 seconds for increasing 
temperature from 30^ to 72'>C, and 26 cycles of high stringent amplification of 
940c for 1 min. S2?c for 1 min. 72?C fom, 3 min with an addition of 14 seconds 
per cycle to the extension step. Finally an extension step of 72«>C for 10 min 
was added at the end of cycling iamplification. PGR products were ready for 
10 seeding the second round DOP-PGR for labelling. 

Example 7 

Second round DOP-PCR for Cy3/Cy5 labelling 

15 

5 Ml of first round DOP-PCR products (1/10 vol) was transferred into fresh 0 5 
ml PGR tubes and subjected to a second round DOP-PCR amplification for 
labelling of CyS-dUTP/CyS-dUTP (PA 53022/PA 56022. Amersham Phamacia 
Biotech. USA). Amplification was carried out in a volume of 50 pi for 25 cycles 
20 using a MJ Research MImicycler (Boston. WA. USA), and the similar cycling 
conditions were applied as labelling DNA libraries for FISH (described above) 
with an exception of replacing SpectrumRed or SpectrumGreen with either CyS- 
dUTP or CyS-dUTP. Either Cy3-dUTP or Gy5-dUTP was used at a 
concentration of 0.04mM. PGR products were then purified by Ultraclean™ 
25 PGR clean-up kits(#1 2500-250. Mo Bio Laboratories. Inc.. GA. USA), and 
eluted in 50 pi of either 10 mM Tris-HCI or HaO. 6 pi of purified PGR products 
was electrophorased on 10/0 agarose gels In 0.5 X TBE (Tris. borate. EDTA) 
prastalned with ethldium bromide and photographed. The remaining could be 
either immediately used in microan-ay/GGH experiments or stored at -20«C for a 
30 short period of a few weeks. 
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Exampie 8 



Microarray/CGH analysis 
5 Equal amounu (5 - 10 of Cy3^abeled test and Cy5.abe«ed ,«fe«nce 

S ^ <°'^'°°- The -saltan. 

Zw-r^"* r "^""^ w«h eftanol and resuspended in 10 pi of 
hybnd,zteK,n solution containg 50% deionlzed .omiamide, 2 X SSC. 0.1«/. SDS 

Z^TZ^- ^ ^ -^^""n waJ 

1^ 10 n,ln denatu. DNA p.bes followed by preannealing of 

«pa«|ve se^ences a. 37^ fo. 180 n,ln. Hybridization was eardad out at ZTO 
for 17-20 h,s. Post-hybrldization washing included three times of 50% 
fonnam^e« X SSC, pH 7.0 at 45«C Ibr 10 min. twice of 2 X SSC a, 45^ ^5 
and once of 1 x SSC a. «,on, temperature for 10 min. Rnally. slides were 

scanned as soon as possible. 
Example Q 

SHdes scanning and data analysis 

m^nsy siwes were scanned by a dual laser scanner called GenePix 4000B 
O^n inst^n^. ,nc.. CA. USA), which is capable of scanning Cy3 (at 
t^ tl Cys (at e35nn„ sln,u«aneousiy and preduces a re«o image I L 

3^6.66 (Axon Instrnments. Inc. USA). This software calculated both signal and 

^^7"" ^ ^ ^ DNA dots 

ZZ^. """"^ <^'"«'«"« ™«os Of Ratio Of 

M^«ns. Ra*o o, Means. Median of Ratios. Mean of Ratio and Regression 

for each of the five rat,os by using gfoba. nonnalfeatlon on the assumption that 
.he mean value of a« the analysed feafc^res 1.0. The normalized Jos couW 
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15 



20 



be either combined or compared across different array experiments. Ratios of 
Medians were selected In this study, and the averages of normalized ratios 
(Cy6/Cy3) fi-om all suitable dots of the same probes were finally used for final 
analyses. A nomialized ratio value of 1.0 was considered that there was no 
difference of copy numbers between the test and reference. Large changes in 
ratfos indicated significant differences of copy numbers. A cut off threshold of 
less than 0.80 (autosomal) or 0.75 (sex chromosome) for trisomies and greater 
than 1.2 (autosomal) or 1.25 (sex chromosome) for monosomies was used in 
this study to detemiine aneuploidies of single copy changes. These criteria of 
threshold cutoffs is frequently used in comparative genomic hybridization for 
diagnosing single copy changes of genomic sequences. 

The definition of Ratio of Medians was the ratio of the median intensities of 
each feature (DNA dot) for each Wavelength, with the median bad^ground 
subtracted. The steps used to detemiine the Normalization Factor for the Ratio 
of Medians by the software were as follows: 

1) The Log value for each feature's Ratios of l(4edians Value is determined 

2) The Average of all of the Log values is calculated ("Avglog") 

3) The True average is calculated (TrueAvg-). TrueAvg^lO^Avglog 

4) The Nomiallzation Factor (NF) is determined. NF=1/TnjeAvg 

6) The Normalizated Ratios of Medians were calculated by NF X Ratios of 
Medians 



25 Example 10 

Results of single-cell DNA microarray/CGH 



30 



Single amnlooytes of 47. XX, +13 and 47. XY. +18 were used as test samples 
and labelled with CyS-dUTP (green), whereas single lymphocytes from a nomial 
male 46, XY was used as a reference sample and labelled by Cy5-dUTP (red) 
After post-hybridization washing, array slides were dried and scanned 
rmmediately by GenePix 4000B. which could produced both single-wavelength 
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25 



and double-wavelength images. These images could be saved in 24-bit JPEG 
images and by default as la-blt unsigned TIFF images. The entire CGH 
procedure took approximately 30 hours. 

Figure 5 was obtained from single-cell microarray/CGH experiments of 47. XX. 
+13 versus 46. XY. Preliminary analysis showed several chromosomal regions' 
that appeared greener or redder on the target DNA dots. However, the final 
interpretation of copy numbers for target chromosomes was obtained from 
ratios of ttieir corresponding DNA dots (see graphs). 

Similarly. Figure 6 was obtained from single-cell microarray/CGH experiments 
of 47. XY. +18 versus 46. XY. The graph gives the final interpretation of copy 
numbers for target chromosomes obtained from ratios of tiieir corresponding 
DNA dots. 

16-bit unsigned TIFF images are standard uncompressed graphic file fonnats 
that can be read by many graphics and imaging programs. These Images were 
used for extraction of data. The TIFF images were analysed in this study by 
GenePix Pro 3.0.6.66. which produced comprehensive data report sheet (in 
Excel fomiat) for every microarray/CGH experiments. Ratios of Medians were 
selected in this study to interpret the final results, and in ttiis study averaged 
ratios of medians from all suitable DNA dots of same DNA prebes were finally 
used. Averaged ratios of medians of all human chromosomes for the images of 
Figures 6 and 6 are given In Table 1. 
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Table 1 

Name of Chromosome Averages of ratios Averages of ratios 

47.XX.+13V46.XY 47, XY. +18 v46.XY 

m— ^r— (Cy3/Cy5) rCv3/Cv5^ 




i-Uf 0990539 


1 .067886663 


No. 2 




1.162437071 


No. 3 


l.U4o4U7129 


0.962005996 


No. 4 




1.171398634 


No. 5 


U.yt5Ui501567 


1.466064292 


No. 6 




0.971954515 


No. 7 


0.92265915 


0.95221539 


No. 8 


0.9^0003452 


0.957544954 


No. 9 


U.^33097893 


1.25382922 


No. 10 


U.O4t)0U1349 


1.29962399 


No 11 


l.k: 1345/^021 


1.180399675 


No. 12 


0.85369^513 


0.859994198 


No. 13 


0.647050399 


1.10381187 


N ). 14 


0.853412154 


0.876101324 


No. 15 


0.908581464 


0.850519418 


No. 16 


1.015400663 


1.12276143 


No. 17 


0.765236378 


V/. f ^00«79f 30 


No. 18 


0.9321711 


0.669077381 


No. 19 


U.991 382989 


0.871995586 


No. 20 


0.773321535 


0.831411945 


No. 21 


1.28601664 


1.074005791 


No. 22 


0.917237339 


0.872627238 


X 


0.732895748 


1.425362216 


Y 


1.568758364 


0.66007634 



A graphical representation of the results in Table 1 is in Figure 6. 
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■n^e data in Table 1 show that In the single-cell mlcma,ray/CGH experiments 
averaged ratios of medians for dots of i« v v 
n w . ■ • ■ '"^ ^ 0.6470. 0.9321 , 

0.7328, and 1.568, respectively for 47. XX, +13 veraus 46, XY. 

5 In »,e case of 47. XY, *18 veraus 46, XX. these ratios were shifted to 1.1038 
0.6691. 1.4254. and 0.6601 for chromosomes 13. 18. X and Y. respectively, li 
cut.off tt,reshold of 0.75-1.25 applied to determine single-copy changes of 
Chromosomes, trisomies 13 and 16 plus the differences of copy numbere of 
chremosome X and Y could be correctly established for all testing and 
reference samples used in these two singleH:ell microanay/CGH experiments. 

TThe expected averaged ratios of medians for all other 20 different 
Chromosomes should be within the cut-off threshold of 0.75-1.25. as there were 
no any differences of copy number, for these ohremosomes between the test 

IITnT ^""^ ' demonstrate flia. the majority of the 

other 20 Chromosomes fn quite well within this threshold. Averaged ratios of 
med«ns were found to be 1.2860 for chromosome 21 .br47. XX, +13 ve,«rs 
4.. XY, and 1.47660. 1.2996. and 0.72339 for ohremosomes 5. 10 and 18 for 
47. XY, +18 versus 46, XX. 

Example 1 1 

«eprod„«M«y Of CGH pertb^ed ^ ONA array ^ sfee aefecfed PCR 
ampliTied DNA (Second GeneraSbn Array). 

^perimental pretocols were me same as described above with the excepUon 
that the second generation array with size selected DNAs was used. This anay 
a^so con^rns the original DNA libraries prior to size selection. Allquots of nomial 
mate and nonnal femate cell DOP-PCR reacHons were labelled with either Cy3 
or Cys and hybndised as per the combinations described in Table 2 below 
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Table 2 




10 



Table 2 shows that single cell comparative genomic hybridisation experiments 
using our array are extremely reproducible with all chromosomes (except the Y 
chromosome) producing perfect results in at least 13 of the 14 experiments. 
The size selected Y chromosome spots were more accurate than the non-size 
selected ones. The data corresponding to one of the above experiments (NH7 
Ih) IS shown in Figure 7. Table 3 shows the ratios calculated by the computer 
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Table 3 



NM7 in - Nor malization of M edian of rafi;;^ 

IDa«a« KA^^i^ — ^ II r > — : — 



8 



g 



10 



1 



14 



J15 
16 



kaw iviedian o 

'ratios 



17 



JI8 
19 



21 



22 



0.575125 
0.463125 
0.619875 



0.53225 
0.49625 
0.592625 



0.60325 



0.502125 



0.459 125 



0.501375 



0.642125 



0.55375 
0.548875 
0.558875 



0.543875 
0.619625 



0.58675 



0.543125 
0.5925 
0.5265 



0.46775 



0.5675 



0.412375 
0.49825 



Log Value 



-0.240238 
-0.334302 
-0.207696 



-0.273884 
-0.304299 
-0.22722 



-0.219503 



-0.299188 



1.826851 
1.826851 
1.826851 



Normalization 
Median of 

iRatios 

1.050667624 



1.826851 
1.826851 
1.826851 
1.826851 1 



0.84606032; 
1.132419202 



0.972341392 



0.906574759 
1.082637515 



-0.338069 



-0.299837 



-0.1923 



-0.256686 
-0.260527 
-0.252685 



-0.264501 
-0.207871 



-0.231547 



-0.2651 
-0.227312 
-0.278602 



-0.329986 
-0.246034 



1.826851 1 



1.102047805 



.826851 1 



0.917307508 
0.838752919 



l.«k:t?851 0.91593737 



.g^b851 1.173066R.^ 



826851 
1.826851 
1.826851 



1.826851 
1.826851 



1.011618686 
1.002712788 
1.020981297 



Log2 value of 
normalized 
median of ratios 
0.071 30634a 
•0.241167565 
0.179408117 
0.040465158 



0.141502101 
0.114550285 
0.140186808 



-0.124522647 
-0.253682212 



-0.126679142 
0.230284966 



0.993578533 
1.131962489 



iMZGeSll 1.071904766 



1.826851 
1.826851 
1.826851 



1.826851 
,826851 



0.992208395 
1.082409158 
0.961836999 



.826851 
1.826851 



0.854509508 
1.036737886 



0.75334764 
0.910228461 



0.01666559 
0.003908426 
0.029956438 
-0.009294091 



0.100176734 



-0.01 1284931 
0.11424 5951 



-0.056135672 
-0.226831549 



0.052051189 
-0.40861233 



-0.135699398 



Example 12 



S-ffte ce« CGH using Dm array size seleCe,! PCR anyMe<, Dm 
libranes (Second Generation Array) for the detection of trisomy 18 and gender. 

Sinole amniocy.es of 47. XY. *18 we™ used as «,e test sampte agains. single a 
single lymphocte 46, XX using tt,e second ge„e««on an^y as dejbed 
p.«v,ously. Figure 8 shows the -esuHs of the hybridisation to the anay. The raw 
data and nomialised ratios Is shown In Table 4. 
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Table 4 

'"" f : ,.'^?'^^ , "^ tion of Median of r^ti nc 

Raw Meaian Log Value Imp iNnrmon^o* ^ h — 

INormali^ation Log2 value of 
Median of normalized 
'^^^'os Imedian of ratios 



of ratios 



'4 0.592875 



0.6595 



41 0.603879 



51 0.592625 
P 0.6905 
n 0.7086667 



0.629 



lOT 
131 



0.58425 



0.646625 
0.62125 
0.62325 
0.62875 
0.63014286 



_u.l«a515449 1-finfi?tft^7t 



iydOO7852ljL6053857 



^•219u5007 3ll!fing^«;T 



1.U37681182 

0. 951 793047f 

1. U&8751869t 



U.053363257 
-0.07128018 
0082364617 



12:22722003^^ 
-0.160836317 I finfigfl^ 
lHi249567974K605^^ 



U.969458711 -0.04474863 9" 

0.9513917 -0.07188 8655 

1.108618826 O-idRfj^-i^ 

- 137683386^ ^~ 



^^O2013493bf; iiRn^^^^ 1 •'376 83386r 0.186099116 



_-u.:^33401279 1finR'^««;7 
-0.iai»347509 1 fin.t^'^fti^f 
.:y:!£ye^33598ll^^ 
1^20533/ / 13 1.605.'^ftf;7 
-0201522002 1 finR'^ft/^-7 



u.ij3 /94659b -nnoo/ioo^ 

1 .U30U82528 f Kng ^Q^t ^^-^ 

0. 99/345866 -0.0 038341 9 R 

1. UUU556638 0.000802835 




Uiose sMIed ,n the art without departing from the scope and soW «f ,h= 
W«o„. AHhough the .ve„«on has been descrt.ed in oonTeTn l e^Lt 

apparent to those T LTsT^:' '"'^^ "^'^ ^™ 
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molecular biology or related fields are intended to be within the scx)pe of the 
present invention. 



DATED: 2 April 2003 
5 PHILLIPS ORMONDe'& Fj[7ZP>9^JRlCK 
Attorneys for: //fDg 
The University of Adel^^ 
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Names of human chromosomes 
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